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No relationship 
between the acromiohumeral 
distance and pain in adults 
with subacromial pain 
syndrome: a systematic review 
and meta‑analysis
Soo Whan Park1, Yuan Tai Chen1, Lindsay Thompson1, Andreas Kjoenoe1, 
Birgit Juul‑Kristensen  2*, Vinicius Cavalheri  1 & Leanda McKenna  1

To determine whether subacromial space (i.e. acromiohumeral distance; AHD, and/or occupation 
ratio percentage) differs between people with subacromial pain syndrome (SAPS) and those without. 
To investigate whether there is a correlation between subacromial space and pain or disability in 
adults with SAPS and whether temporal changes in pain or disability are accompanied by changes 
in subacromial space. Systematic review and meta-analysis. Fifteen studies with a total of 775 
participants were included. Twelve studies were of high quality and three studies were of moderate 
quality using the modified Black and Downs checklist. There was no between group difference in AHD 
in neutral shoulder position (mean difference [95% CI] 0.28 [−0.13 to 0.69] mm), shoulder abduction 
at 45° (−0.02 [−0.99 to 0.96] mm) or 60° (−0.20 [−0.61 to 0.20] mm). Compared to the control group, 
a greater occupation ratio in neutral shoulder position was demonstrated in participants with SAPS 
(5.14 [1.87 to 8.4] %). There was no consistent pattern regarding the correlation between AHD and 
pain or disability in participants with SAPS, and no consistent increase in subacromial space with 
improvement in pain or disability over time. The results suggest that surgical (e.g. sub-acromial 
decompression) and non-surgical (e.g. manual therapy, taping, stretching and strengthening) 
management of subacromial pain syndrome should not focus solely on addressing a potential 
decrease in subacromial space, but also on the importance of other biopsychosocial factors.

Shoulder pain is the third most common musculoskeletal complaint that can lead to disability1,2. The prevalence 
of shoulder pain is reported to range between 7 and 27% in the general population3 and even higher in athletic 
populations involving overhead arm activity, where it can range from 36 to 66%4–6.

The most common diagnosis of shoulder pain is subacromial pain syndrome (SAPS)7, most often referred to 
as ‘shoulder impingement syndrome’8. The prevalence of SAPS has been suggested to be 36 to 48% of all types 
of shoulder pain7,9. Traditionally, SAPS was thought to have a mechanistic aetiology, where symptoms were 
caused by ‘impinging’ the subacromial structures against the underside of the acromion through the reduc-
tion of the subacromial space. Hence the diagnosis of SAPS was made through the clinical features on physical 
examination10, such as painful arc during shoulder abduction11, positive tests of Hawkin’s Kennedy test12, Neer’s 
test13, or empty-can test14.

However, recently, there has been a debate regarding the mechanism of SAPS as authors in the field have 
called for a paradigm shift away from using the term ‘impingement’15,16 to using “SAPS”17 or “rotator cuff-
related shoulder pain”16. The rationale behind this shift relates to the poor diagnostic accuracy of the individual 
impingement tests10, the complexity of the numerous mechanisms and pathologies associated with pain in the 
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subacromial space18, and the negligible reduction in pain with acromiohumeral decompression in comparison 
to placebo19. If impingement between acromion and humerus is not a mechanism for the development of SAPS, 
then subacromial space should not be related to symptoms, and this needs to be systematically explored.

Subacromial space has been quantified by acromiohumeral distance (AHD) and occupation ratio percent-
age. Acromiohumeral distance is defined as the shortest distance between the surface of the proximal humerus 
and the underside of the acromion20. Occupation ratio percentage is calculated by dividing the supraspinatus 
tendon thickness by AHD (i.e. (supraspinatus tendon thickness/AHD) × 100)21. Ultrasonography (US), X-ray 
and magnetic resonance imaging (MRI) techniques have shown to have good reliability and concurrent validity 
as tools to measure subacromial space22–24. Some authors have found no significant difference in AHD between 
adults with SAPS compared to controls with no shoulder pain25–30 whilst others have shown otherwise31,32. Thus 
there is a need for data pooling to provide a better indication of the relationship.

A recently published systematic review33 found conflicting results regarding the association between imaging 
findings of the shoulder such as AHD and symptoms. This study only presented the results narratively, with no 
meta-analysis investigating the subacromial space differences between adults with SAPS and controls with no 
shoulder pain. Moreover, they only found three studies and were not able to subgroup data for athletes, which 
is important, as this group has a higher incidence of shoulder pain3–6 and there is a need to better understand 
mechanistic relationships in this high risk group. Thus, a meta-analysis that additionally includes an examination 
of athletic populations remains necessary.

In line with the traditional mechanistic theory, adults with SAPS have been managed with the primary goal 
of increasing AHD. Surgical interventions may often include subacromial decompression surgery19,24, while 
non-surgical management may include a variety of interventions, all with the aim to increase AHD, which could 
include e.g. manual therapy29, kinesio-taping34, strengthening29, and stretching exercises35. However, despite 
clinical evidence showing some of these interventions to be effective in reducing pain or disability in adults 
with SAPS, the potential associated mechanisms in subacromial space remain unclear. Furthermore, there is 
limited knowledge regarding the clinical significance of subacromial space in athletes with SAPS. Therefore, it 
seems beneficial to summarise the research regarding the cross-sectional and temporal relationship between 
subacromial space and pain or disability, in order to help guide clinicians to decide the best management for 
SAPS in both the athletic and general population.

Therefore, we have developed three aims to synthesise the literature regarding subacromial space in adults 
with SAPS. The first aim of this systematic review is to investigate whether subacromial space differs between 
adults (including athletes) with SAPS compared to asymptomatic controls. The second aim is to determine if there 
is a linear correlation between AHD and pain or disability in adults with SAPS. The third aim is to investigate if 
changes in AHD over time, are accompanied by changes in pain or disability.

Methods
Search strategy.  This review has been registered in the PROSPERO database (CRD42018103100) and 
conducted according to the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) 
guidelines36. Electronic searches were conducted through the following databases: Cochrane Central Register of 
Controlled Trials (CENTRAL), PEDro, PubMed and Embase (via Ovid). A systematic search was conducted on 
the 17th of June 2019. The full search strategy, which was developed in consultation with an information special-
ist, is outlined in the Appendix. It was adapted for use with each database.

The reference lists of the included studies were reviewed for additional articles not found in the database 
search. More recent research that has yet to be published was identified through a hand search of abstracts pre-
sented between January 2016 and December 2019, in conferences of the American College of Sports Medicine 
(ACSM), Australasian Musculoskeletal Imaging Group (AMSIG), European Federation of National Associations 
of Orthopaedics and Traumatology (EFORT), International Symposium on Current Concepts in Knee and 
Shoulder Arthroscopic Surgery and Arthroplasty (ISKSAA) and the American Orthopaedic Association (AOA). 
These conferences were identified as most relevant to this topic.

Types of studies, participants and outcomes.  For all three aims, the same participant and outcome 
measure eligibility criteria were used. Studies were included irrespective of publication type. The studies were 
eligible for inclusion if the participants had been clinically diagnosed with SAPS and were more than 18 years of 
age. The clinical diagnosis of SAPS was defined as pain in the shoulder region with any of the following; painful 
arc11 during shoulder abduction, positive Hawkin’s Kennedy test12, Neer’s test13, or empty-can test14. The eligible 
studies had to include a measurement of subacromial space, such as AHD or occupation ratio that could be 
measured by MRI, X-ray or US. These measurements had to be taken in upright positions of standing or sitting 
with the shoulder in neutral position or abduction. The studies were excluded if the shoulder was rotated, e.g. 
measured in hands behind back or empty-can position14. Studies that included participants with pain due to 
adhesive capsulitis, trauma, rheumatological or neurological conditions were excluded.

The types of studies that were eligible for the first aim were those that included a group with SAPS and a 
group without SAPS, such as controlled trials, longitudinal, case-cohort and case–control studies. Studies had to 
include a measure of subacromial space in both participants with clinically diagnosed SAPS and those with no 
shoulder pain. Disability was not investigated in this aim, as the focus was to observe the relationship between 
the subacromial space and pain.

The types of studies that were eligible for the second aim included cross-sectional studies that reported a 
correlation analysis between AHD and self-reported pain or disability in adults with clinical diagnosis of SAPS. 
Studies were eligible for inclusion for this aim if they reported the use of a patient reported functional outcome 
measure with established psychometric properties, such as the Constant score37, Disabilities of the Arm, Shoulder 
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and Hand (DASH)38, Shoulder Pain and Disability Index (SPADI)39 or Western Ontario Rotator Cuff (WORC)40 
questionnaire. The Constant score is a measure of shoulder function by assessing self-reported pain, and activi-
ties of daily living within the past week, besides range of motion and strength. It is scored between 0 and 100 
where higher scores indicate better outcome. The DASH questionnaire measures self-reported function during 
the past week and is measured between 0 and 100 where higher scores indicate poorer function. The SPADI 
questionnaire measures current pain and disability and it is measured as a percentage of 100 where higher scores 
indicate higher pain and disability. WORC index assesses self-reported physical symptoms, function, emotion 
and lifestyle during the past week. The final WORC score is converted to a percentage out of 100 where higher 
percentages indicate better outcome. Other outcome measures for pain such as Visual Analogue Scale (VAS) 
where higher scores indicate poorer outcome were also eligible for inclusion.

The types of studies that were eligible for the third aim were randomised and non-randomised controlled tri-
als, pre-post designs, prospective and case–control studies that provided baseline and follow-up data. Measures 
of subacromial space and self-reported pain or disability had to be measured at the same time point in adults 
with clinically diagnosed SAPS. As for second aim, studies that used recognised functional scales were eligible.

Study selection.  The articles identified from the database and hand search were imported into EndNote41 
and duplicates were removed. Subsequently, the articles were imported into Covidence42. Two review authors 
used Covidence to independently screen titles and abstracts of all studies identified through the search to deter-
mine their eligibility. Upon agreement the remaining articles were full text reviewed by two review authors, and a 
decision was made for inclusion or exclusion. Any disagreements between the two review authors during screen-
ing by title and abstract as well as screening by full text were resolved through a third review author.

Quality assessment.  The studies included in this systematic review were assessed for methodological qual-
ity using the modified Downs and Black checklist43. Two checklists were identified by the Cochrane Handbook44 
for the appraisal of randomised and non-randomised studies. The Downs and Black checklist has been shown 
to be valid and reliable, with satisfactory intra-rater reliability (r = 0.88) and inter-rater reliability (r = 0.75)45. 
The other recommended checklist, Newcastle–Ottawa scale, has been questioned for its validity46, and therefore 
Downs and Black checklist was chosen.

The modified Downs and Black checklist contains 27 yes/no questions appraising five sections; reporting, 
external validity, internal validity, confounding (selection bias) and power of the study. Item 27 (power of the 
study) of the modified Downs and Black checklist47, has been altered to have a maximum score of one, and item 
5 (distribution of principal confounders) has a maximum score of two. The remaining items are scored as fol-
lows: no = 0, yes = 1.

This systematic review included studies with a broad range of study designs and not all questions from the 
Downs and Black checklist were applicable for all the study designs. Therefore, the total score of the Downs and 
Black checklist varied according to the respective study design. The maximum possible scores were 28 for RCTs, 
26 for case–control and 16 for observational studies. The results from this quality assessment were reported and 
displayed as percentages of the total modified score. The quality of the studies was rated as follows: low (≤ 33.3%), 
moderate (33.4–66.7%) or high (≥ 66.8%)48. This rating method is consistent with previous systematic review 
methods49.

Data extraction.  Three authors independently extracted data from the included studies using a standard-
ised form. The extracted data was checked by a fourth review author. The number of participants and participant 
characteristics were extracted for all the studies. The method used to measure the subacromial space was also 
extracted for all studies.

To address the first aim, all measurements of AHD, occupation ratio and supraspinatus tendon thickness were 
extracted for both groups from the included studies. With regards to the second aim, the correlation coefficients 
representing the associations between AHD and pain or disability, were extracted. For the third aim, AHD and 
pain or disability measurements at both baseline and follow up time points for the experimental group were 
extracted. The authors of the selected studies were contacted for any missing data of the measurements described.

Data synthesis.  Meta-analyses were performed to address the first aim. Mean ± standard deviations (SD) 
of subacromial space (at neutral and shoulder abduction) were included in the analyses. Review Manager (Rev-
Man) version 5.3.550 was used for generating the forest plots and for statistical analysis. A fixed effects model was 
used if no substantial heterogeneity (defined below) was detected, otherwise a random effects model was used. 
The meta-analyses used the inverse variance Der Simonian and Laird method51. Mean differences (MD) with 
95% confidence interval (CI) were calculated. A subgroup analysis was further performed for the athletic popu-
lation to address the first aim. Results of the studies that addressed the second and third aims were presented as 
a narrative synthesis. Where statistical significance was not reported in studies that addressed the third aim, an 
effect size calculator (https​://www.cem.org/effec​t-size-calcu​lator​) was used to calculate significance.

Assessment of heterogeneity and sensitivity analysis.  Heterogeneity across studies that addressed 
the first aim was examined by visual analysis of the forest plots and the I2 test produced through RevMan50. An 
I2 > 50% denoted substantial heterogeneity44. Where substantial heterogeneity was detected, a sensitivity analysis 
was undertaken to investigate methodological differences across studies.

https://www.cem.org/effect-size-calculator


4

Vol:.(1234567890)

Scientific Reports |        (2020) 10:20611  | https://doi.org/10.1038/s41598-020-76704-z

www.nature.com/scientificreports/

Results
The search identified 2315 records (Fig. 1). After removing duplicates and screening records by title and abstract, 
the full texts of the remaining 279 records were reviewed. A total of 264 studies were excluded during full text 
review. The most common reason for exclusion was that the participants were diagnosed with SAPS using imag-
ing rather than clinical tests. Another common reason for exclusion was that the participants were not diagnosed 
with SAPS. Fifteen studies met the inclusion criteria; nine of the 15 addressed the first aim21,29,31,32,52–56, three 
addressed the second aim54,57,58 and six addressed the final aim29,32,59–62. Of the nine studies that addressed the 
first aim, one also addressed the second aim54 and two addressed the third aim29,32.

Study characteristics.  A total of 775 participants were included across the 15 studies (Tables 1, 2, and 
3). In the nine studies that addressed the first aim21,29,31,32,52–56, 472 participants were included (mean age (SD) 
ranging between 23 (4) and 65 (10) years). Three of nine studies (170 participants) only included athletes, drawn 
from a variety of sports54–56, and the remaining studies included the general population. The sports included 
archery, climbing, fencing, badminton, rugby, handball, tennis, water polo and swimming. Eight studies (652 
participants) measured AHD and supraspinatus tendon thickness by US21,29,32,52–56, whilst one study measured 
AHD through X-ray31. Three of the studies (64 participants) that measured supraspinatus tendon thickness by 
US also calculated the occupation ratio percentage21,52,55.

In the three studies that addressed the second aim54,57,58, 182 participants were included (mean age (SD) rang-
ing between 26 (8) to 52 (no SD reported) years old). One study included an athletic population from overhead 
sports54, and the remaining two studies were derived from the general population57,58. Two of three included 
studies measured AHD by US54,58 while one study measured AHD through X-ray and MRI61.

In the six studies that addressed the third aim29,32,59–62, 224 participants were included (mean age (SD) ranging 
from 39 (10) to 50 (11) years). All 224 participants reported changes in pain or disability along with measure-
ments of subacromial space. All of these included studies recruited participants from the general population and 
they were tested at follow-up after two to six weeks. All of these studies measured AHD through US.

Risk of bias.  In general, the quality of the studies ranged between moderate and high (Table 4). Twelve stud-
ies were of high quality21,31,53–62 and three studies were of moderate quality29,32,52. All studies, except for one60, 
scored poorly for external validity; items 11–13. These studies did not report the proportion of the source popu-
lation from which the patients were derived and proportion of the sample that was included. Six studies adjusted 
their analyses for confounding factors21,54–56,59,61, and six studies performed a sample size calculation21,53,56,60–62.

First aim: Differences in subacromial space between adults with SAPS and those without 
SAPS.  There was no between group difference in AHD at 0° of shoulder abduction (MD = 0.28 mm, 95% 
CI −0.13 to 0.69 mm, I2 = 59%) (Fig. 2A). A subgroup analysis of AHD measured at 0° of shoulder abduction in 
the general population also showed no difference between groups (MD = 0.52 mm, 95% CI −0.16 to 1.21 mm, 
I2 = 70%). Similarly, subgroup analysis performed in the athletic population reported no difference between 
groups (MD = 0.09 mm, 95% CI −0.28 to 0.47 mm, I2 = 9%). As a result of substantial heterogeneity in the overall 
analysis and in the subgroup analysis of the general population, a sensitivity analysis was performed. Through 
the visual analysis of the forest plots (Fig. 2A), two studies were identified as studies that may have been respon-
sible for the high heterogeneity31,32. The analysis with the exclusion of these studies, substantially reduced the 
heterogeneity in both analyses (I2 = 0%), but the overall meta-analysis continued to demonstrate no difference 
between groups in the overall population (MD = 0.08 mm, 95% CI −0.17 to 0.33 mm, I2 = 0%), as well as general 
population (MD = 0.06 mm, 95% CI −0.29 to 0.41 mm, I2 = 0%).

There was no difference between groups at 45° of shoulder abduction (MD = −0.02 mm, 95% CI −0.99 to 
0.96 mm, I2 = 28%) (Fig. 2B), and at 60° of shoulder abduction (MD = −0.20 mm, 95% CI −0.61 to 0.20 mm, 
I2 = 43%) (Fig. 2C). Compared to the control group, occupation ratio was greater in participants with SAPS at 0° 
of shoulder abduction (MD = 5.14%, 95% CI 1.87 to 8.4%, I2 = 0%) (Fig. 3).

Second aim: correlation between AHD and pain or function.  In the three studies that addressed the 
second aim54,57,58, one study reported no correlation (r = 0.11, p = 0.33) between AHD measured at 0° of shoulder 
abduction, and pain as measured using the VAS54. (Table 2). Another study showed a weak inverse correlation 
between AHD and SPADI score, at 0° shoulder abduction (r = −0.22, p < 0.05), meaning that with an increased 
AHD, there was an improved pain and function, indicated by decreased SPADI score58. In the same study, there 
was no correlation at 60° shoulder abduction (r = −0.15, p > 0.05)58. The results of the third study showed weak 
and moderate correlation between AHD and the Constant score when AHD was measured at 0° shoulder abduc-
tion with both X-ray (r = 0.39; p = 0.006) and MRI (r = 0.41; p = 0.004)57. This means that with an increased AHD 
there was an improved pain and function, indicated by increased Constant score.

Third aim: Changes in subacromial space versus changes in pain/function.  Five of the six studies 
that addressed the third aim29,59–62, reported no change in AHD at 0° of shoulder abduction. (Table 5). Similarly, 
three of the six studies that addressed the third aim59,61,62 reported no change in AHD measured at 45° and 60° of 
shoulder abduction. In comparison, all six studies29,32,59–62 reported improvements in pain and disability meas-
ured by DASH, SPADI and WORC% scores.

One study60 also showed no reduction in occupation ratio at 0° (44.9 ± 7.4% to 44.2 ± 5.2%, p > 0.05) of shoul-
der abduction, but reported reductions in occupation ratio at 45° (54.4 ± 10.3% to 51.6 ± 7.6%, p < 0.05) and 60° 
(56.9 ± 11.0% to 53.1 ± 7.8%, p < 0.05) of shoulder abduction.
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Figure 1.   Flow chart of included studies. From the nine studies included in the first aim, one study was also 
included in the second aim. Similarly, two studies were also included for the third aim.
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Author
Study design Method of measuring AHD Population type

Population characteristics
(Age: Mean ± SD years 
unless denoted) Results (mean ± SD, mm)

First aim

Benitez-Martinez et al.54

Cross-sectional US Athletes

Pain group:
n = 38 (38 males)
Age: 28.26 ± 8.4
Pain duration: not reported
No pain group:
n = 43 (43 males)
Age: 24.21 ± 7.9

AHD in 0° shoulder abduc-
tion:
Pain group: 9.10 ± 1.30
No pain group: 9.10 ± 1.30

de Witte et al.31

Case–control X-Ray General

Pain group:
n = 28 (11 males)
Age: 50.1 ± 1.6
Pain duration: > 3 months
No pain group:
n = 10 (5 males)
Age: 50.2 ± 6.6

AHD in 0° shoulder abduc-
tion:
Pain group: 11.10 ± 1.84
No pain group: 8.90 ± 1.92

Desmeules
et al.32

Case–control
US General

Pain group:
n = 7 (gender not reported)
Age: 44 ± 3.8
Pain duration: 4–24 weeks
No pain group:
n = 13 (gender not reported)
Age: 34 ± 9

AHD in 0° shoulder abduc-
tion:
Pain group:12.00 ± 1.90
No pain group: 9.90 ± 1.50
AHD in 45° shoulder abduc-
tion:
Pain group: 9.50 ± 2.70
No pain group: 8.30 ± 1.90
AHD in 60° shoulder abduc-
tion:
Pain group: 9.60 ± 2.30
No pain group: 7.60 ± 1.70

Hougs Kjaer et al.55

Case–control US Athletes

Pain group:
n = 22 (12 males)
Age: 38 (range 18–56)
Pain duration: Not reported
No pain group:
n = 24 (9 males)
Age: 36 (range 19–57)

AHD in 0° shoulder abduc-
tion:
Pain group:10.56 ± 1.36
No pain group: 10.89 ± 1.34
STT (mm) in 0° shoulder 
abduction:
Pain group: 5.82 ± 1.28†

No pain group: 5.54 ± 0.57†

OcR (%) in 0° shoulder 
abduction:
Pain group: 55.19 ± 10.51%†

No pain group: 
51.61 ± 8.08%†

Leong et al.56

Case–control crossover trial US Athletes

Pain group:
n = 26 (26 males)
Age: 23.6 ± 3.3
Pain duration: > 3 months
No pain group:
n = 17 (17 males)
Age: 21.7 ± 3.5

AHD in 0° shoulder abduc-
tion:
Pain group: 8.70 ± 1.10
No pain group: 8.30 ± 0.80
AHD in 60° shoulder abduc-
tion:
Pain group: 5.80 ± 1.70
No pain group: 6.20 ± 1.40

McCreesh
et al.52

Case–control
US General

Pain group:
n = 23 (12 males)
Age: 47 ± 12.8
Pain duration: 
13 ± 8.4 months
No pain group:
n = 20 (10 males)
Age: 43 ± 9.5

AHD in 0° shoulder abduc-
tion:
Pain group: 10.04 ± 1.06
No pain group: 9.58 ± 1.19
STT (mm) in 0° shoulder 
abduction:
Pain group: 5.60 ± 0.88
No pain group: 4.96 ± 0.67
OcR (%) in 0° shoulder 
abduction:
Pain group: 56.61 ± 11.66%†

No pain group: 
52.22 ± 7.66%†

Michener et al.21

Single-blind
cross-sectional

US General

Pain group:
n = 20 (10 males)
Age: 45.1 ± 11.1
Pain duration: > 6 weeks
No pain group:
n = 20 (10 males)
Age: 45.0 ± 11.1

AHD in 0° shoulder abduc-
tion:
Pain group: 10.80 ± 1.60
No pain group: 11.40 ± 1.70
STT (mm) in 0° shoulder 
abduction:
Pain group: 6.60 ± 0.80
No pain group: 6.00 ± 0.80
OcR (%) in 0° shoulder 
abduction:
Pain group: 61.7 ± 10.3%
No pain group: 54.2 ± 7.9%

Continued
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Discussion
This systematic review demonstrated no difference in AHD, measured at 0°, 45° and 60° of shoulder abduction, 
between participants with SAPS and controls with no shoulder pain. This result was consistent across both 
athletic and the general populations. However, occupation ratio, measured at 0° of shoulder abduction, was 
marginally greater in participants with SAPS compared to controls with no shoulder pain. This review further 
demonstrated inconclusive results regarding linear correlations between AHD and patient reported outcome 
measures of symptoms (Constant score, SPADI, VAS), and regarding associations between improvements in 
patient reported outcome measures of symptoms (DASH, SPADI, VAS, WORC%) with an increase in AHD 
over time.

As mentioned, the current review found a marginally greater occupation ratio in participants with SAPS 
compared to controls with no shoulder pain. This finding suggests that soft tissues in the subacromial space may 
also be important in SAPS. However, this result has to be interpreted with caution as the mean group difference 
for occupation ratio was approximately 5%. The minimal detectable change (MDC)55 for supraspinatus tendon 
thickness is 8–10% and for AHD, it is 14.7%63. Error for the occupation ratio is therefore likely to be com-
pounded as both MDCs for measurement of AHD and supraspinatus tendon thickness are needed to calculate 

Table 1.   Characteristics of included studies in the first aim. † Data provided by the author; n: number of 
participants; AHD: acromiohumeral distance (mm); CI: confidence interval; MRI: magnetic resonance 
imaging; OcR: Occupation ratio percentage; STT: supraspinatus tendon thickness; US: ultrasound.

Author
Study design Method of measuring AHD Population type

Population characteristics
(Age: Mean ± SD years 
unless denoted) Results (mean ± SD, mm)

Navarro-Ledesma et al.53

Cross-sectional US General

Pain group:
n = 76 (26 males)
Age: 45.7 ± 10.3
Pain duration: > 3 months
No pain group
n = 40 (21 males)
Age: 46.4 ± 7.0

AHD in 0° shoulder abduc-
tion:
Pain group: 9.46 (95% CI 
9.12–9.79)
No pain group: 9.52 (95% CI 
9.15–9.89)
AHD in 60° shoulder abduc-
tion:
Pain group: 6.38 (95% CI 
6.01–6.75)
No pain group: 6.71 (95% CI 
6.33–7.09)

Savoie et al.29

Prospective pre-post with 
control group

US General

Pain group:
n = 25 (15 males)
Age: 42.6 ± 11.5
Pain duration: 
99.3 ± 141.3 weeks
No pain group
n = 20 (11 males)
Age: 39.2 ± 9.5

AHD in 0° shoulder abduc-
tion:
Pain group: 9.90 ± 2.00 mm
No pain group: 
9.70 ± 1.50 mm
AHD in 45° shoulder abduc-
tion:
Pain group: 7.90 ± 2.20 mm
No pain group: 
8.20 ± 1.50 mm
AHD in 60° shoulder abduc-
tion:
Pain group: 7.50 ± 2.10 mm
No pain group: 
7.70 ± 1.50 mm

Table 2.   Characteristics of included studies in the second aim. *Indicates significant correlation (p < 0.05). 
†Data provided by the author. n: number of participants; AHD: acromiohumeral distance (mm); MRI: 
magnetic resonance imaging; SPADI: Shoulder Pain and Disability Index; US: ultrasound; VAS: Visual 
Analogue Scale.

Author
Study design Method of measuring AHD Population Type

Population characteristics (Age: Mean ± SD 
years unless denoted) Results

Second aim

Benitez-Martinez et al.54

Cross-sectional US Athletes
n = 38 (38 males)
Age: 28.26 ± 8.4
Pain duration: not reported

Correlation between AHD and current pain 
(VAS):
r = 0.11, p = 0.33

Mayerhoefer et al.57

Cross-sectional MRI + X-Ray General
n = 47 (33 males)
Age: 51.7(range 29–74)
Pain duration: > 6 months

Correlation between AHD and Constant score:
When AHD measured on X-ray:
r = 0.39, p = 0.006*
When AHD measured on MRI:
r = 0.41, p = 0.004*

Navarro-Ledesma et al.58

Cross-sectional US General
n = 97 (34 males)
Age: 45.4 ± 8.9
Pain duration: > 3 months

Correlation between AHD and SPADI:
In 0° shoulder abduction:
r = −0.222, p < 0.05*
In 60°shoulder abduction:
r = −0.115, p > 0.05
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Author
Study design

Method of measuring AHD 
and types of interventions Population type

Population characteristics
(Age: Mean ± SD years unless 
denoted) Results (Mean ± SD mm)

Third aim

Akkaya
et al.59

Randomised control and 
single blinded study

US
Experimental group: Weighted 
pendulum exercise
Control group: Unweighted 
exercises
(4 weeks, 3 times daily)

General

Experimental group:
n = 18 (6 males)
Age: 42.9 ± 8.5
Pain duration: 7.2 ± 4.3 months
Control group:
n = 16 (5 males)
Age: 40.4 ± 9.4
Pain duration: 6.6 ± 4.1 months

Experimental group:
AHD in 0° shoulder abduc-
tion:
Pre:11.20 ± 2.30
Post: 11.10 ± 2.00
p = 0.887
AHD in 30° shoulder abduc-
tion:
Pre: 10.50 ± 1.90
Post: 10.60 ± 1.90
p = 0.257
AHD in 60° shoulder abduc-
tion:
Pre: 10.30 ± 1.90
Post: 10.50 ± 2.20
p = 0.571

Experimental group:
SPADI:
Pre: 62.0 ± 21.5
Post: 32.4 ± 18.7
p = 0.001*
VAS rest:
Pre: 2.4 ± 2.1
Post: 0.9 ± 1.2
p = 0.006*

Belley et al.60

Triple-blind randomised 
control trial

US
Experimental group:
Rehab program focused on 
sensorimotor training with 
a-tDCS treatment
Control group:
Rehab program focused on 
sensorimotor training with 
sham a-tDCS treatment
(6 weeks, 8 treatments with 
home exercises

General

Experimental group:
n = 20 (11 males)
Age: 44 ± 11.0
Pain duration: Not reported
Control group:
n = 20 (11 males)
Age: 47 ± 9.0
Pain duration: Not reported

Experimental group:
AHD in 0° shoulder abduc-
tion:
Pre: 10.80 ± 1.70
Post: 11.00 ± 1.40
p > 0.05
AHD in 45° shoulder abduc-
tion:
Pre: 8.90 ± 1.40
Post: 9.50 ± 1.50
p < 0.05*
AHD in 60° shoulder abduc-
tion:
Pre: 8.60 ± 1.40
Post: 9.30 ± 1.50
p < 0.05*

Experimental group:
DASH:
Pre: 33.0 ± 13.6
Post: 9.5 ± 9.6
p < 0.05* WORC(%):
Pre: 53.8 ± 18.1
Post: 89.7 ± 12.5
p < 0.05*

Boudreau et al.61 single 
blinded prospective RCT​

US
Experimental: EMG-based co-
activation of serratus anterior, 
trapezius, pectoralis major and 
latissimus dorsi muscles dur-
ing rotator cuff strengthening 
program
Control: EMG-based rotator 
cuff strengthening program 
with no co-activation of ser-
ratus anterior, trapezius, pecto-
ralis major and latissimus dorsi
(6 weeks, 7 days/wk)

General

Experimental group:
n = 21 (12 males)
Age: 50.2 ± 10.9
Pain duration: 
44.2 ± 52.9 months
Control group:
n = 21 (8 males)
Age: 49.6 ± 13.2
Pain duration: 
41.8 ± 40.5 months

Experimental group
AHD in 0° shoulder abduc-
tion:
Pre: 10.8 ± 2.1
Post: 11.5 ± 2.7
p = 0.56
AHD in 30° shoulder abduc-
tion:
Pre: 10.4 ± 2.3
Post: 10.6 ± 2.4
p = 0.44
AHD in 60° shoulder abduc-
tion:
Pre: 9.5 ± 2.7
Post: 9.8 ± 2.4
p = 0.75

Experimental group:
DASH:
Pre: 32.2 ± 15.4
Post: 27.8 ± 18.7
p > 0.211
WORC(%):
Pre: 51.6 ± 18.5
Post: 65.7 ± 25.8
p < 0.001*
VAS movement:
Pre: 71.1 ± 17.3
Post: 56.1 ± 29.6
p < 0.001*

Desmeules
et al.32

Pre-post treatment clinical 
trial, single group design

US
Experimental group:
Rehabilitation program involv-
ing education, ice, stretching, 
elastic band exercise for the 
rotator cuff, postural exercise, 
Maitland mobilisations, ST 
and GH control exercises
Control group:
None
(4 weeks, 12 sessions)

General
Experimental group:
n = 7 (gender not reported)
Age: 44 ± 3.8
Pain duration: 4–24 weeks

Correlation between the maxi-
mum change in AHD from 
shoulder abduction 0–60° with 
change in WORC%:
r = 0.84 p = 0.01*

Dupuis
et al.62

Parallel group RCT​

US
Experimental group: Isometric 
rotator cuff exercises cryo-
therapy
Control group:
rest, ice, advice to avoid pain
(2 weeks)

General

Experimental group:
n = 20 (13 males)
Age: 33 ± 7
Pain duration: 27 ± 9 days
Control group:
n = 23 (11 males)
Age: 43 ± 13
Pain duration: 25 ± 7 days

Experimental group:
AHD in 0° shoulder abduc-
tion:
Pre:10 ± 2
Post: 10 ± 1
p > 0.11
AHD in 45° shoulder abduc-
tion:
Pre: 8 ± 2
Post: 8 ± 2
p > 0.11
AHD in 60° shoulder abduc-
tion:
Pre: 7 ± 2
Post: 7 ± 2
p > 0.11

Experimental group:
DASH:
Pre: 29.3 ± 12.6
Post: 16.3 ± 11.3
p < 0.05
WORC(%):
Pre: 55.7 ± 21.0
Post: 80.6 ± 17.1
p < 0.05

Continued
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Author
Study design

Method of measuring AHD 
and types of interventions Population type

Population characteristics
(Age: Mean ± SD years unless 
denoted) Results (Mean ± SD mm)

Third aim

Savoie et al.29

Single group prospective

US
Experimental group:
Rehabilitation program 
involving
movement training, manual 
therapy, strengthening and 
stretching exercises,
and patient education
Control group:
None
(6 weeks)

General

Experimental group:
n = 25 (15 males)
Age: 42.6 ± 11.5
Pain duration: 
99.3 ± 141.3 weeks

Experimental group:
AHD in 0° shoulder abduc-
tion:
Pre: 9.9 ± 2.0
Post: 10.4 ± 1.7
p > 0.05
AHD in 45° shoulder abduc-
tion:
Pre: 7.9 ± 2.2
Post: 8.8 ± 1.6
p < 0.05*
AHD in 60° shoulder abduc-
tion:
Pre: 7.5 ± 2.1
Post: 8.2 ± 1.7
p < 0.05*

Change in pain or disability in 
the experimental group:
DASH:
17.1 ± 12.4, p < 0.001*
WORC(%):
-30.1 ± 14.0, p < 0.001*

Table 3.   Characteristics of included studies in the third aim. *Indicates significant improvement (p < 0.05). 
†Data provided by the author. N: number of participants; AHD: acromiohumeral distance (mm); a-tDCS: 
anodal transcranial direct current stimulation; CI: confidence interval; DASH: Disabilities of the Arm Shoulder 
and Hand questionnaire; GH: gleno-humeral; MRI: magnetic resonance imaging; NA: not applicable; OcR: 
Occupation ratio percentage; SAPS: subacromial pain syndrome; SIS: subacromial impingement syndrome; 
SPADI: Shoulder Pain and Disability Index; ST: scapulo-thoracic; STT: supraspinatus tendon thickness; RC: 
rotator cuff; RCRSP: rotator cuff related shoulder pain; RCT: rotator cuff tendinopathy; US: ultrasound; VAS: 
Visual Analogue Scale; WORC: Western Ontario Rotator Cuff index.

Table 4.   Critical appraisal of the included articles using a modified Downs and Black checklist43. 
Q = Question, N = no or “unable to determine” (score = 0), X = not applicable (score = 0) and Y = yes (score = 1). 
The total score varies between the studies, where RCT (= 28), case–control (= 26) or observational study design 
(= 16) give different scores. Quality is evaluated as low (≤ 33.3%), moderate (33.4–66.7%) or high (≥ 66.8%). 
*Question 5 includes no (= 0), partially (= 1) or yes (= 2) and therefore potentially scores a maximum of 2 
points.

Author
Q
1 Q2 Q3 Q4 Q5* Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Q15 Q16 Q17 Q18 Q19 Q20 Q21 Q22 Q23 Q24 Q25 Q26 Q27 Score % Quality

Akkaya 
et al.59 Y Y Y Y Y Y Y Y Y Y N N Y N Y Y Y Y Y Y Y N Y N Y Y N 22/28 78.5 High

Belley 
et al.60 Y Y Y Y Y Y Y Y Y N Y Y Y Y Y Y Y Y Y Y Y Y Y Y N Y Y 26/28 93 High

Benitez-
Martinez 
et al.54

Y Y Y X Y Y Y X X Y N N X X Y Y X Y X Y X X X X Y X N 13/16 81.5 High

Boudreau 
et al.61 Y Y Y Y Y Y N Y N Y N N N Y Y Y Y Y Y Y Y Y Y Y N Y Y 22/28 78.6 High

de Witte 
et al.31 Y Y Y X Y Y Y X X Y N Y X X N Y X Y X Y X X X X N X N 12/16 75 High

Desmeules 
et al.32 Y Y N Y N Y Y N N Y N N Y N Y Y Y Y Y Y N Y X X N N N 14/26 54 Moderate

Dupuis 
et al.62 Y Y Y Y Y Y Y Y Y Y N N N N Y Y N Y Y Y Y Y Y Y N Y Y 22/28 78.6 High

Hougs 
Kjaer 
et al.55

Y Y Y X Y Y Y X X Y N Y X X Y Y X Y X Y X X X X Y X N 14/16 87.5 High

Leong 
et al.56 Y Y Y Y Y Y Y N Y Y N N N N Y Y Y Y Y Y Y N Y N Y Y Y 21/28 75 High

Mayerhoe-
fer et al.57 Y Y Y X N Y Y X X Y N Y X X Y Y X Y X Y X X X X N X N 11/16 69 High

McCreesh 
et al.52 Y Y Y Y Y Y Y N N Y N N N N Y Y N Y Y Y Y N X X N N N 15/26 58 Moderate

Michener 
et al.21 Y Y Y X Y Y Y X X Y N N X X Y Y X Y X Y X X X X Y X Y 14/16 87.5 High

Navarro-
Ledesma 
et al.58

Y Y Y X Y Y Y X X Y N N X X Y Y X Y X Y X X X X N X N 12/16 75 High

Navarro-
Ledesma 
et al.53

Y Y Y X Y Y Y X X Y N N X X Y Y X Y X Y X X X X N X Y 13/16 81.5 High

Savoie 
et al.29 Y Y Y X Y Y Y Y Y N N N Y N Y Y Y Y Y Y N N X X N Y N 17/26 65.5 Moderate
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Figure 2.   Forest plots comparing AHD (mm) in participants with SAPS and controls with no shoulder pain in 
varying degrees of shoulder abduction; (A) 0°, (B) 45°, (C) 60°.

Figure 3.   Meta-analysis results comparing occupation ratio percentage in participants with SAPS and controls 
with no shoulder pain at 0° of shoulder abduction. OcR: Occupation ratio percentage.
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the occupation ratio, suggesting that the between group difference of 5.14% is most likely to be within measure-
ment error. Further, as there is no established minimal clinical important change (MCID) for occupation ratio, 
it is unknown whether a 5% difference in occupation ratio is clinically relevant.

The lack of difference in subacromial space between participants with SAPS and pain free controls indicates 
a reduced likelihood of extrinsic mechanism to SAPS, i.e. pain arising from impingement due to reduced avail-
able subacromial space. If SAPS were caused by compression of structures within the subacromial space then 
a reduced AHD or greater occupation ratio would be expected. However, neither of these were found in this 
systematic review. This is consistent with a recent systematic review19 that summarised the evidence of subac-
romial decompression surgery with placebo arthroscopy surgery or non-invasive treatments such as exercise, 
in reducing pain and increasing function in participants with SAPS. This prior systematic review demonstrated 
that surgical intervention aimed at increasing the subacromial space does not offer additional important benefits 
when compared with placebo surgery and exercise therapy.

The current systematic review found no consistent pattern of evidence regarding a linear correlation between 
decreased AHD and improved pain or function. Only one study54 compared AHD to pain, only two studies57,58 
compared AHD to shoulder function and only one study57 assessed the shoulder in elevation at 60 degrees. 
Furthermore, the inconsistent pattern may be explained by the differences in outcome measures (VAS, Constant 
score, SPADI) and population between the studies. One study54 only included an athletic population whereas the 
participants included in another study57 belonged to general population, were of older age, had failed 6 months of 
conservative management and were awaiting surgery. Additionally, the correlations were generated from studies 
with relatively low participant numbers and could not be pooled. As a result of these issues (heterogeneity in 
outcome measures and methodology, populations, and also a possible lack of power), there is limited evidence 
to determine if AHD is correlated with shoulder pain or function.

This systematic review also found no consistent pattern of whether improvements in patient reported out-
come measures are accompanied by increases in AHD over time. The average increase in AHD reported in the 
included studies29,59–62 was 0.28 mm and 0.34 mm respectively, for 0° and 60° of abduction. Both of these values 
are smaller than the raw MDC value of 0.7 mm23 associated with the measurement of AHD and may therefore be 
ascribed to measurement errors. Despite these small changes in AHD, patient reported outcome measures were 
improved with management strategies or time in all included studies in the third aim. This supports the notion 
that improvements in pain or function may be better explained by other associative factors than changes in AHD.

The overall findings of this systematic review suggest that clinicians and researchers need to focus on other 
biopsychological factors that may be more pertinent to symptoms in SAPS. For example, weakness of the rota-
tor cuff and scapular muscles has been observed in multiple studies in participants with SAPS64–72. In addition, 
systematic reviews have found rotator cuff and scapular muscle strengthening exercises to provide benefits to pain 
and function in participants with SAPS18,73. Thus it would seem likely that musculotendinous dysfunction, such 
as rotator cuff tendinopathy74 is associated with SAPS and is worthy of further research and clinical focus. Other 
biopsychosocial factors that may be more pertinent include mental and emotional health, as this are associated 
with self-reported pain and functional measures in those with shoulder pain75.

Table 5.   Summary of third aim.  ↔  = no significant difference, # = statistical analysis not reported by authors, 
calculated using an effect size calculator. ↑ = increased AHD/improved pain & disability. !The increase in 
acromiohumeral distance (AHD) were found to be smaller than minimal detectable change (MDC = 0.7 mm)23 
DASH: Disabilities of the Arm Shoulder and Hand questionnaire; SAA: Shoulder abduction angle; SPADI: 
Shoulder Pain and Disability Index; VAS: Visual Analogue Scale to measure pain; WORC: Western Ontario 
Rotator Cuff index.

Author SAA(°)
Pre AHD 
(mm)

Post AHD 
(mm) p value Change

Outcome 
measures Pre pain/disability

Post pain/
disabilty p value Change

Akkaya et al.59 
(n = 34)

0 11.20 ± 2.30 11.10 ± 2.00 p = 0.887  ↔  SPADI 62.0 ± 21.5 32.4 ± 18.7 p = 0.001 ↑
30 10.50 ± 1.90 10.60 ± 1.90 p = 0.257  ↔ 

VAS 2.4 ± 2.1 0.9 ± 1.2 p = 0.006 ↑60 10.30 ± 1.90 10.50 ± 2.20 p = 0.571  ↔ 

Belley et al.60 
(n = 40)

0 10.80 ± 1.70 11.00 ± 1.40 p > 0.05  ↔  DASH 33.0 ± 13.6 9.5 ± 9.6 p < 0.05 ↑
45 8.90 ± 1.40 9.50 ± 1.50 p < 0.05 ↑!

WORC% 53.8 ± 18.1% 89.7 ± 12.5% p < 0.05 ↑60 8.60 ± 1.40 9.30 ± 1.50 p < 0.05 ↑!

Boudreau et al.61 
(n = 42)

0 10.8 ± 2.1 11.5 ± 2.7 p = 0.56  ↔  DASH 32.2 ± 15.4 27.8 ± 18.7 p > 0.211 ↑

30 10.4 ± 2.3 10.6 ± 2.4 p = 0.44  ↔  WORC% 51.6 ± 18.5% 65.7 ± 25.8% p < 0.001 ↑

60 9.5 ± 2.7 9.8 ± 2.4 p = 0.75#  ↔  VAS 71.1 ± 17.3 56.1 ± 29.6 p < 0.001 ↑

Dupuis et al.62 
(n = 43)

0 10 ± 2 10 ± 1 p > 0.11  ↔  DASH 29.3 ± 12.6 16.3 ± 11.3 p < 0.05 ↑
45 8 ± 2 8 ± 2 p > 0.11  ↔ 

WORC% 55.7 ± 21.0% 80.6 ± 17.1% p < 0.05 ↑60 7 ± 2 7 ± 2 p > 0.11  ↔ 

Desmeules 
et al.32 (n = 20) Correlation between max change in AHD (0°–60°) and improvements in WORC % score (r = 0.86, p = 0.01)

Savoie et al.29 
(n = 45)

0 9.9 ± 2.0 10.4 ± 1.7 p > 0.05  ↔  DASH Change in DASH score: 17.1 ± 12.4 p < 0.001 ↑

45 7.9 ± 2.2 8.8 ± 1.6 p < 0.05 ↑!

WORC% Change in WORC%score: −30.1 ± 14.0% p < 0.001 ↑
60 7.5 ± 2.1 8.2 ± 1.7 p < 0.05 ↑!
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One of the limitations of this review was the relatively small number of studies that investigated occupa-
tion ratio. For the second and third aims there were also limited number of studies and high methodological 
heterogeneity. A further limitation was that only one study57 measured subacromial space in shoulder abduc-
tion above 60°, and as the painful arc of shoulder abduction movement is observed to be from 60° to 120°11, it 
seems important to examine the associations that contribute to this phenomenon. Although this is described as 
a limitation, it is recognised that it may be difficult to visualise the subacromial space above 60°, due to imaging 
limitations below bony structures, in this position.

The strength of this review is that this is the first systematic review with a meta-analysis, synthesising the 
evidence regarding subacromial space in participants with SAPS and controls with no shoulder pain, with inde-
pendent article screening and data-extraction. Furthermore, subgroup analysis comparing AHD in the athletic 
population with and without SAPS was performed. Another strength is that the relationship between subac-
romial space and symptoms was examined in multiple ways; through a meta-analysis of AHD and occupation 
ratio, correlations, and associations over time. Moreover, all of the included studies were of moderate to high 
methodological quality, scoring an average of 75.4% on Downs and Black questionnaire.

It is recommended that future studies focus on exploring the relationship between SAPS and other biopsy-
chosocial factors. Despite the small pooled cohort of 124 participants with SAPS, it was found that the occupa-
tion ratio had a small but statistically important relationship to symptom, but presumably within measurement 
error. However, occupation ratio may be a worthy candidate for further examination in both cross sectional and 
longitudinal studies.

The findings of this review challenges the previously established theory of pain arising from purely mecha-
nistic etiology for SAPS, as no difference or relations in subacromial space were found between groups, even 
where improvements in patient reported outcomes were found after interventions. Our findings may be useful 
in guiding management of patients with SAPS, as the results suggest that management should not focus solely 
on addressing a potential decrease in subacromial space, but on the importance of other biopsychosocial factors.

Data availability
Data for this systematic review is publicly available in the form of published manuscripts, as given in the refer-
ence list.

Appendix: Search Strategy
“Sub-acromial impingement” OR “subacromial impingement syndrome” OR “subacromial impingement” OR 
“Subacromial pain” OR “subacromial pain syndrome” OR “shoulder impingement syndrome” OR “SAPS” OR 
“SIS” OR “shoulder impingement” OR “rotator cuff-related shoulder pain” OR “RCRSP” OR “swimmers shoul-
der” OR “rotator cuff ” OR “rotator-cuff ” OR “impingement syndrome” OR “superior humeral head migration”.

AND.  “AHD” OR “Subacromial” OR “sub-acromial” OR “Acromiohumeral” OR “acromio-humeral” OR 
“occupation”.

AND.  “Space” OR “distance” OR “interval” OR “characteristics” OR “ratio” OR “parameters”.

Received: 15 March 2020; Accepted: 26 October 2020

References
	 1.	 Ferreira, A. A. et al. Quality of life in patients with rotator cuff arthropathy. Acta Ortop Bras. 25, 275 (2017).
	 2.	 Yamaguchi, K. et al. The demographic and morphological features of rotator cuff disease. A comparison of asymptomatic and 

symptomatic shoulders. J Bone Jt. Surg. Am. 88, 1699 (2006).
	 3.	 Brattberg, G. G., Parker, G. M. & Thorslund, G. M. The prevalence of pain among the oldest old in Sweden. Pain 67, 29–34 (1996).
	 4.	 Myklebust, G., Hasslan, L., Bahr, R. & Steffen, K. High prevalence of shoulder pain among elite Norwegian female handball players. 

Scand. J. Med. Sci. Sports. 23, 288–294 (2013).
	 5.	 Oliveira, V. MAd. et al. Shoulder pain in adolescent athletes: prevalence, associated factors and its influence on upper limb func-

tion. Braz. J. Phys. Ther. 21, 107–113 (2017).
	 6.	 Rodeo, S. A., Nguyen, J. T., Cavanaugh, J. T., Patel, Y. & Adler, R. S. Clinical and ultrasonographic evaluations of the shoulders of 

elite swimmers. Am. J. Sports Med. 44, 3214–3221 (2016).
	 7.	 Juel, N. G. & Natvig, B. Shoulder diagnoses in secondary care, a one year cohort. BMC MusculoskeletDisord. 15, 89 (2014).
	 8.	 Neer, C. S. & Welsh, R. P. The shoulder in sports. OrthopClin. North Am. 8, 583–591 (1977).
	 9.	 van der Windt, D. A., Koes, B. W., de Jong, B. A. & Bouter, L. M. Shoulder disorders in general practice: incidence, patient char-

acteristics, and management. Ann. Rheum Dis. 54, 959–964 (1995).
	10.	 Hegedus, E. J. et al. Which physical examination tests provide clinicians with the most value when examining the shoulder? Update 

of a systematic review with meta-analysis of individual tests. Br. J. Sports Med. 46, 964–978 (2012).
	11.	 Kessel, L. & Watson, M. The painful arc syndrome. Clinical classification as a guide to management. J. Bone Jt. Surg. Br. 59, 166–172 

(1977).
	12.	 Hawkins, R. J. & Kennedy, J. C. Impingement syndrome in athletes. Am. J. Sports Med. 8, 151–158 (1980).
	13.	 Neer, C. S. Impingement lesions. Clin. Orthop. Relat. Res. 173, 70–77 (1983).
	14.	 Jobe, F. W. & Moynes, D. R. Delineation of diagnostic criteria and a rehabilitation program for rotator cuff injuries. Am. J. Sports 

Med. 10, 336–339 (1982).
	15.	 Cools, A. M. & Michener, L. A. Shoulder pain: can one label satisfy everyone and everything?. Br. J. Sports Med. 51, 416–417 (2017).
	16.	 Lewis, J. The end of an era?. J. Orthop. Sports Phys. Ther. 48, 127–129 (2018).



13

Vol.:(0123456789)

Scientific Reports |        (2020) 10:20611  | https://doi.org/10.1038/s41598-020-76704-z

www.nature.com/scientificreports/

	17.	 Diercks, R. et al. Guideline for diagnosis and treatment of subacromial pain syndrome: a multidisciplinary review by the Dutch 
Orthopaedic Association. Acta Orthop. 85, 314–322 (2014).

	18.	 Saito, H., Harrold, M. E., Cavalheri, V. & McKenna, L. Scapular focused interventions to improve shoulder pain and function in 
adults with subacromial pain: a systematic review and meta-analysis. Physiother. Theory Pract. 34, 653–670 (2018).

	19.	 Lähdeoja, T. et al. Subacromial decompression surgery for adults with shoulder pain: a systematic review with meta-analysis. Br. 
J. Sports Med. 54, 665–673 (2020).

	20.	 Giphart, J. E., van der Meijden, O. A. J. & Millett, P. J. The effects of arm elevation on the 3-dimensional acromiohumeral distance: 
a biplane fluoroscopy study with normative data. J. Shoulder Elbow Surg. 21, 1593–1600 (2012).

	21.	 Michener, L., Yesilyaprak, S. S., Seitz, A., Timmons, M. K. & Walsworth, M. K. Supraspinatus tendon and subacromial space 
parameters measured on ultrasonographic imaging in subacromial impingement syndrome. Knee Surg. Sports Traumatol. Arthrosc. 
23, 363–369 (2015).

	22.	 Lin, Y. S., Boninger, M., Worobey, L., Farrokhi, S. & Koontz, A. Effects of repetitive shoulder activity on the subacromial space in 
manual wheelchair users. Biomed. Res. Int. https​://doi.org/10.1155/2014/58395​1 (2014).

	23.	 McCreesh, K. M., Crotty, J. M. & Lewis, J. S. Acromiohumeral distance measurement in rotator cuff tendinopathy: is there a reli-
able, clinically applicable method? A systematic review. Br. J. Sports Med. 49, 298–305 (2015).

	24.	 Pijls, B. G., Kok, F. P., Penning, L. I. F., Guldemond, N. A. & Arens, H. J. Reliability study of the sonographic measurement of the 
acromiohumeral distance in symptomatic patients. J. Clin. Ultrasound. 38, 128–134 (2010).

	25.	 Azzoni, R., Cabitza, P. & Parrini, M. Sonographic evaluation of subacromial space. Ultrasonics 42, 683–687 (2004).
	26.	 Cholewinski, J. J., Kusz, D. J., Wojciechowski, P., Cielinski, L. S. & Zoladz, M. P. Ultrasound measurement of rotator cuff thick-

ness and acromio-humeral distance in the diagnosis of subacromial impingement syndrome of the shoulder. Knee Surg. Sports 
Traumatol. Arthrosc. 16, 408–414 (2008).

	27.	 Girometti, R. et al. Supraspinatus tendon US morphology in basketball players: correlation with main pathologic models of sec-
ondary impingement syndrome in young overhead athletes. Preliminary report. Radiol. Med. 111, 42–52 (2006).

	28.	 Lewis, J. S. Rotator cuff tendinopathy/subacromial impingement syndrome: is it time for a new method of assessment?. Br. J. Sports 
Med. 43, 259–264 (2009).

	29.	 Savoie, A., Mercier, C., Desmeules, F., Frémont, P. & Roy, J. S. Effects of a movement training oriented rehabilitation program on 
symptoms, functional limitations and acromiohumeral distance in individuals with subacromial pain syndrome. Man Ther. 20, 
703–708 (2015).

	30.	 Snow, M., Cheong, D. & Funk, L. Subacromial impingement: Is there correlation between symptoms, arthroscopic findings and 
outcomes?. Shoulder Elbow. 1, 89–92 (2009).

	31.	 de Witte, P. B. et al. Cranial humerus translation, deltoid activation, adductor co-activation and rotator cuff disease—different 
patterns in rotator cuff tears, subacromial impingement and controls. Clin. Biomech. (Bristol, Avon) 29, 26–32 (2014).

	32.	 Desmeules, F., Minville, L., Riederer, B., Cote, H. C. & Fremont, P. Acromio-humeral distance variation measured by ultrasonog-
raphy and its association with the outcome of rehabilitation for shoulder impingement syndrome. Clin. J. Sport Med. 14, 197–205 
(2004).

	33.	 Tran, G. et al. What imaging detected pathologies are associated with shoulder symptoms and their persistence? A systematic 
literature review. Arthritis Care Res. 77, 1694 (2018).

	34.	 Luque-Suarez, A., Navarro-Ledesma, S., Petocz, P., Hancock, M. J. & Hush, J. Short term effects of kinesiotaping on acromiohumeral 
distance in asymptomatic subjects: a randomised controlled trial. Man Ther. 18, 573–577 (2013).

	35.	 Maenhout, A., van Eessel, V., van Dyck, L., Vanraes, A. & Cools, A. Quantifying acromiohumeral distance in overhead athletes 
with glenohumeral internal rotation loss and the influence of a stretching program. Am. J. Sports Med. 40, 2105–2112 (2012).

	36.	 Shamseer, L. et al. Preferred reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. BMJ 
349, 7647 (2015).

	37.	 Constant, C. R. & Murley, A. H. G. A clinical method of functional assessment of the shoulder. Clin. Orthop. Relat. Res. 214, 
160–164 (1987).

	38.	 Hudak, P. et al. Development of an upper extremity outcome measure: The DASH (Disabilities of the Arm, Shoulder, and Hand). 
Am. J. Ind Med. 30, 372–372 (1996).

	39.	 Roach, K. E., Budiman-Mak, E., Songsiridej, N. & Lertratanakul, Y. Development of a shoulder pain and disability index. Arthritis 
Rheumatol. 4, 143–149 (1991).

	40.	 Kirkley, A., Alvarez, C. & Griffin, S. The development and evaluation of a disease-specific quality-of-life questionnaire for disorders 
of the rotator cuff: The Western Ontario Rotator Cuff Index. Clin. J. Sport Med. 13, 84–92 (2003).

	41.	 Endnote [program]. Philadelphia, USA.
	42.	 Covidence systematic review software. Melbourne, Australia: Innovation VH. www.covid​ence.org.
	43.	 Downs, S. H. & Black, N. The feasibility of creating a checklist for the assessment of the methodological quality both of randomised 

and non-randomised studies of health care interventions. J. Epidemiol. Commun. Health 52, 377–384 (1998).
	44.	 Higgins, J. P. & Green, S. Cochrane handbook for systematic reviews of interventions: cochrane book series. https​://www.mri.gov.

lk/asset​s/Uploa​ds/Resea​rch/Cochr​ane-Hand-bookt​ext.pdf (2008).
	45.	 Katrak, P., Bialocerkowski, A. E., Massy-Westropp, N., Kumar, S. & Grimmer, K. A. A systematic review of the content of critical 

appraisal tools. BMC Med. Res. Methodol. 4, 22 (2004).
	46.	 Stang, A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of nonrandomized studies in meta-

analyses. Eur. J. Epidemiol. 25, 603–605 (2010).
	47.	 Korakakis, V., Whiteley, R., Tzavara, A. & Malliaropoulos, N. The effectiveness of extracorporeal shockwave therapy in common 

lower limb conditions: a systematic review including quantification of patient-rated pain reduction. Br. J. Sports Med. 52, 387–407 
(2018).

	48.	 Hootman, J. M., Driban, J. B., Sitler, M. R., Harris, K. P. & Cattano, N. M. Reliability and validity of three quality rating instruments 
for systematic reviews of observational studies. Res. Synth. Methods. 2, 110–118 (2011).

	49.	 Ratcliffe, E., Pickering, S., McLean, S. & Lewis, J. Is there a relationship between subacromial impingement syndrome and scapular 
orientation? A systematic review. Br. J. Sports Med. 48, 1251–1256 (2014).

	50.	 Review Manager (RevMan) [Computer program]. Version 5.3.5. Copenhagen: The Nordic Cochrane Centre TCC (2014).
	51.	 Dersimonian, R. & Laird, N. Meta-analysis in clinical trials. Control Clin Trials 7, 177–188 (1986).
	52.	 McCreesh, K. M., Purtill, H., Donnelly, A. E. & Lewis, J. S. Increased supraspinatus tendon thickness following fatigue loading in 

rotator cuff tendinopathy: potential implications for exercise therapy. BMJ Open Sport Exerc. Med. 3, e000279 (2017).
	53.	 Navarro-Ledesma, S. & Luque-Suarez, A. Comparison of acromiohumeral distance in symptomatic and asymptomatic patient 

shoulders and those of healthy controls. Clin. Biomech. (Bristol, Avon). 53, 101–106 (2018).
	54.	 Benitez-Martinez, J. C. et al. Cross sectional area of the supraspinatus muscle and acromio-humeral distance in overhead athletes 

with and without shoulder pain: A cross-sectional study. J. Sport Rehabil. 26, 524–529 (2017).
	55.	 HougsKjær, B., Ellegaard, K., Wieland, I., Warming, S. & Juul-Kristensen, B. Intra-rater and inter-rater reliability of the standard-

ized ultrasound protocol for assessing subacromial structures. Physiother. Theory Pract. 33, 398–409 (2017).
	56.	 Leong, H. T. & Fu, S. N. The effects of rigid scapular taping on the subacromial space in athletes with and without rotator cuff 

tendinopathy: a randomized controlled study. J. Sport Rehabil. 28, 250–255 (2019).

https://doi.org/10.1155/2014/583951
http://www.covidence.org
http://www.mri.gov.lk/assets/Uploads/Research/Cochrane-Hand-booktext.pdf
http://www.mri.gov.lk/assets/Uploads/Research/Cochrane-Hand-booktext.pdf


14

Vol:.(1234567890)

Scientific Reports |        (2020) 10:20611  | https://doi.org/10.1038/s41598-020-76704-z

www.nature.com/scientificreports/

	57.	 Mayerhoefer, E. M., Breitenseher, J. M., Wurnig, J. C. & Roposch, J. A. Shoulder impingement: relationship of clinical symptoms 
and imaging criteria. Clin. J. Sport Med. 19, 83–89 (2009).

	58.	 Navarro-Ledesma, S. et al. Does the acromiohumeral distance matter in chronic rotator cuff related shoulder pain?. Musculoskelet 
Sci. Pract. 29, 38–42 (2017).

	59.	 Akkaya, N. et al. Effects of weighted and un-weighted pendulum exercises on ultrasonographic acromiohumeral distance in patients 
with subacromial impingement syndrome. J. Back Musculoskelet Rehabil. 30, 221–228 (2017).

	60.	 Belley, A. F. et al. Anodal transcranial direct-current stimulation to enhance rehabilitation in individuals with rotator cuff tendi-
nopathy: A triple-blind randomized controlled trial. J. Orthop. Sports Phys Ther. 48, 541–551 (2018).

	61.	 Boudreau, N., Gaudreault, N., Roy, J. S., Bédard, S. & Balg, F. The addition of glenohumeral adductor coactivation to a rotator cuff 
exercise program for rotator cuff tendinopathy: a single-blind randomized controlled trial. J. Orthop. Sports Phys Ther. 49, 126–135 
(2019).

	62.	 Dupuis, F. et al. Cryotherapy or gradual reloading exercises in acute presentations of rotator cuff tendinopathy: a randomised 
controlled trial. BMJ Open Sport Exerc. Med. 4, e000477 (2018).

	63.	 Mackenzie, T. A., Herrington, L., Funk, L., Horsley, I. & Cools, A. Relationship between extrinsic factors and the acromio-humeral 
distance. Man Ther. 23, 1–8 (2016).

	64.	 Brox, J. Arthroscopic surgery compared with supervised exercises in patients with rotator cuff disease (stage-II impingment 
syndrome). Br. Med. J. 307, 1269–1269 (1993).

	65.	 Brox, J. I. et al. Arthroscopic surgery versus supervised exercises in patients with rotator cuff disease (stage II impingement syn-
drome): A prospective, randomized, controlled study in 125 patients with a 2 1 2-year follow-up. J. Shoulder Elbow Surg. 8, 102–111 
(1999).

	66.	 Warner, J. J., Micheli, L. J., Arslanian, L. E., Kennedy, J. & Kennedy, R. Patterns of flexibility, laxity, and strength in normal shoulders 
and shoulders with instability and impingement. Am. J. Sports Med. 18, 366–375 (1990).

	67.	 Reddy, A. S., Mohr, K. J., Pink, M. M. & Jobe, F. W. Electromyographic analysis of the deltoid and rotator cuff muscles in persons 
with subacromial impingement. J. Shoulder Elbow Surg. 9, 519–523 (2000).

	68.	 Hawkins, R. H. & Dunlop, R. Nonoperative treatment of rotator cuff tears. Clin. Orthop. Relat. Res. 321, 178–188 (1995).
	69.	 Leroux, J. L. et al. Isokinetic evaluation of rotational strength in normal shoulders and shoulders with impingement syndrome. 

Clin. Orthop. Relat. Res. 304, 108–115 (1994).
	70.	 Bartolozzi, A., Andreychik, D. & Ahmad, S. Determinants of outcome in the treatment of rotator cuff disease. Clin. Orthop. Relat. 

Res. 308, 90–97 (1994).
	71.	 Celik, D., Sirmen, B. & Demirhan, M. The relationship of muscle strength and pain in subacromial impingement syndrome. 

ActaOrthop. Traumatol. Turc. 45, 79–84 (2011).
	72.	 Clausen, M. B. et al. Glenohumeral and scapulothoracic strength impairments exists in patients with subacromial impingement, 

but these are not reflected in the shoulder pain and disability index. BMC Musculoskelet Disord. 18, 302 (2017).
	73.	 Hanratty, C. E. et al. The effectiveness of physiotherapy exercises in subacromial impingement syndrome: a systematic review and 

meta-analysis. Semin. Arthritis Rheum. 42, 297–316 (2012).
	74.	 Lewis, J. S. Rotator cuff tendinopathy: a model for the continuum of pathology and related management. Br. J. Sports Med. 44, 

918–923 (2010).
	75.	 Coronado, R. A., Seitz, A. L., Pelote, E., Archer, K. R. & Jain, N. B. Are psychosocial factors associated with patient-reported 

outcome measures in patients with rotator cuff tears? A systematic review. Clin. Orthop. Relat. Res. 476, 810–829 (2018).

Acknowledgements
The authors would like to acknowledge Dr. K. McCreesh and Dr. B Hougs Kjaer for providing raw data that 
allowed meta-analysis regarding occupation ratio to be performed. We would also like to acknowledge D. Black-
wood for her contribution in developing the search strategy.

Author contributions
All seven authors were responsible for the design of this review. A.K., L.T. and Y.C. conducted the search strategy, 
study selection and data extraction. S.P., A.K., L.T. and Y.C. performed the data extraction. L.M. was the third 
reviewer in cases of disagreement. Meta-analysis was performed by V.C. and S.P. Manuscript was written primar-
ily by S.P., A.K., L.T. and Y.C. All seven authors contributed substantially to interpreting findings, reviewing the 
manuscript and preparing the final submission.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to B.J.-K.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://creat​iveco​mmons​.org/licen​ses/by/4.0/.

© The Author(s) 2020

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	No relationship between the acromiohumeral distance and pain in adults with subacromial pain syndrome: a systematic review and meta-analysis
	Methods
	Search strategy. 
	Types of studies, participants and outcomes. 
	Study selection. 
	Quality assessment. 
	Data extraction. 
	Data synthesis. 
	Assessment of heterogeneity and sensitivity analysis. 

	Results
	Study characteristics. 
	Risk of bias. 
	First aim: Differences in subacromial space between adults with SAPS and those without SAPS. 
	Second aim: correlation between AHD and pain or function. 
	Third aim: Changes in subacromial space versus changes in painfunction. 

	Discussion
	References
	Acknowledgements


